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Furthermore, non-aeration of lung tissue on a grander scale may arise from these and other mechanisms. Absorption of gases from alveoli is much quicker in the absence of the 'skeleton' of relatively insoluble nitrogen and may be enhanced by unwise or unskilled endobronchial suction.
No mention has been made so far of the further hazard of infection. Clearly, several of the factors listed above result in better culture conditions for micro-organisms in the respiratory tract, and the anesthetist may even introduce pathogens by his manipulations or from his circuit. Apparatus introduced into the patient's airway should be sterile, though there is still doubt of the cost-effectiveness of providing a truly sterile respiratory circuit for every patient.
Finally, it should be noted that this brief and rather analytical survey is by no means allembracing. Especially, various interconnexions between factors and mechanisms have not been elaborated.
Preoperative Assessment and Prophylaxis
Pulmonary function is complex and there are many mechanisms of its derangement. Thus no single measurement or test, however accurate or complicated, can reasonably be expected to define fully the respiratory state of a patient. A competent and conscientious clinical history and examination is therefore essential. Such an assessment is usually adequate, though it may at times profitably be supplemented by certain measurements. One or more indices of the 'mechanical' state such as vital capacity, forced vital capacity, peak flow rate, maximum voluntary ventilation, &c., will give evidence of the patient's ability to move air and to cough. Evidence of the 'chemical' state of respiratory function may be sought from Paco2 or Pao2, or both. In rare circumstances other more esoteric tests or a full and thorough investigation may be necessary.
It is not appropriate to discuss here the preoperative management of a case, but when the assessment has been made and the disorders have been corrected so far as possible, it is important that the patient should know at that time, and fully understand, what will be required of him in subsequent respiratory care. Preoperatively a patient wants stimulation and support. Postoperatively he wants sedation and peace. Minimal postoperative dysfunction depends inevitably on great co-operation from the patient, and his aid can best be recruited in the preoperative period when he is receptive to explanations and advice.
Dr A A Spence and Dr J I Alexander (University Department ofAnwsthesia, Western Infirmary, Glasgow)
Mechanisms of Postoperative Hypoxrnmia
Studies of postoperative arterial oxygenation have tended, presumably for reasons of the investigator's convenience, to concentrate either on the first hours or the 24th hour following operation and it appears that the mechanisms at these times may be different.
Hypoxwmia at 24 Hours
Hypoxvmia in the absence of hypoventilation at 24 hours has been recognized for many years. Troell (1951) demonstrated a fall in arterial oxygen saturation from 94% before operation to 88% after operation in patients undergoing abdominal surgery. He also demonstrated restoration of saturation to the preoperative values when the patients breathed high inspired oxygen concentrations. This suggested that the hypoxwmia was the result of disturbances of the normal ventilation/perfusion relationships in the lung (VA/( effect), as opposed to frank shunting of the blood past collapsed lung alveoli. Gordh et al. (1958) confirmed the existence of postoperative hypoxemia but showed that it appeared to be a result of frank shunting. They found also that hypoxemia at 24 hours after abdominal surgery was equally severe following either spinal or general anesthesia. The uncertainty as to the nature of the intrapulmonary shunt was aggravated by Georg et al. (1967) who concluded that a VA/() effect was the major feature and by Diament & Palmer (1967) whose findings suggested frank shunt. Diament & Palmer (1966) showed that hypoxmemia was most marked following upper abdominal operations, less following lower abdominal operations and minimal after nonabdominal procedures. The consequences of thoracic surgery are less well defined. A similar pattern of severity is usually found in studies of postoperative pneumonia but the early assumption of a cause and effect relationship between pneumonia and hypoxaemia was not supported by Hamilton et al. (1964) , who found no relationship between the degree of postoperative hypoxmemia and clinical and radiological chest findings. Knudson (1970) and Spence & Smith (1971) have shown that hypoxmemia following upper abdominal procedures extends for several days into the convalescent period.
Hypoxawmia Immediately After Operation In 1962, Nunn & Payne found hypoxwmia occurring in the first few hours after operation. This appeared to be independent of the site Section ofAntsthetics of operation but related both to age and to the duration and method of anesthesia (Marshall & Millar 1965) . Conway & Payne (1963) demonstrated that 3040% oxygen would correct this immediate postoperative hypoxaemia and deduced that they were observing a VA/0 effect. These findings are now widely accepted. A study in this department suggests that the extent of the improvement in arterial Po2 when breathing 3540% oxygen through an Edinburgh mask is influenced by the agents used for maintenance anesthesia (A G Davis, 1971 , personal communication). The only reported absence of immediate postoperative hypoxwemia was in a group of patients who had combined high spinal and light general anaesthesia (Wishart 1971) .
Two important gaps in our knowledge of postoperative hypoxaemia are the mechanism of the VA/( disturbance in the immediate postoperative period, and the reasons for conflicting opinions as to the nature of the pulmonary disturbance at 24 hours and later.
The immediate postoperative disturbance is assumed to be a continuing effect of the elusive factors which cause increased VA/0 inequality during anesthesia and operation. Several theories have been advanced to explain the later lung changes.
Accumulation of secretions: Bronchial secretions are increased following anesthesia and surgery. This is most marked in patients with respiratory disease and such patients are at increased risk of postoperative pneumonia (Palmer & Sellick 1953) . On the other hand, postoperative hypoxmemia occurs even when lung function is completely normal before operation and the reduction in Po2 appears not to be specially related in severity to the preoperative respiratory condition. The mechanical effects of secretions could be invoked to explain either a VA/4 effect or frank shunting.
The deep breath: The frequently demonstrated postoperative reduction in vital capacity (Overholt 1930) has often been implicated in the etiology of postoperative pneumonia, although its importance has never been convincingly demonstrated. Certainly, there is good correlation between operation site, severity of hypoxaemia and reduction in vital capacity. The view of the mid-1960s that absence of intermittent deep breaths may precipitate lung collapse during operation (Bendixen et al. 1963 ) has lost support (Sykes et al. 1965 ). If, as Bendixen et al. suggest, such changes do occur in the postoperative period, they would be expected to result in demonstrable increases in frank shunting. Neuroflex: From time to time, evidence has appeared that redistribution of ventilation may result from reflex bronchial constriction as a result of, for example, mesenteric traction (Churchill 1925 , Grigor 1954 . However, there is practically no definitive information on this possible mechanism.
Pulmonary embolism: Some investigators claim that pulmonary embolism may be a common occurrence after operation (Allison 1967) and, further, that it is frequently mistaken for lung collapse (Ailgood et al. 1970) . The credibility of pulmonary embolism in the production of postoperative lung dysfunction is weakened by the fact that massive pulmonary embolism is more frequent after lower abdominal and pelvic surgery than after upper abdominal surgery, and commonly occurs at 10 days after operation, whereas typical postoperative hypoxaemia is most severe after upper abdominal surgery and is most marked within the first 48 hours.
Accidental aspiration during anwsthesia: There is probably a high incidence of aspiration of gastric material during anaesthesia (Berson & Adriani 1954 ) and a recent study has shown continuing laryngeal incompetence in the early postoperative period (Tomlin 1968 ). However, unlike hypoxemia, aspiration may occur after most types of operation under general anesthesia. Moreover, respiratory problems after upper abdominal surgery are as frequent after spinal anesthesia as after general anvsthesia (King 1933 , Stringer 1947 , Gordh et al. 1958 . Beecher (1933) was the first to demonstrate a fall in functional residual capacity (FRC) after operation. Recent measurements in our laboratory (Figs 1 & 2) confirm Anscombe's findings (1957) that the fall in FRC is most marked after upper abdominal surgery, although it is present after both lower abdominal and body surface surgery. We cannot explain the small changes after nonabdominal procedures, but we consider the reduction in FRC after abdominal surgery to be the result of abdominal (expiratory) muscle spasm which is a typical feature in these patients. Thus after operation the patient's tidal breathing takes place at a lower than normal lung volume. In keeping with these changes is Bromage's finding (1967) that the end-tidal cesophageal pressure assumes a more positive value in the presence of wound pain and, in these circumstances, the transpulmonary pressure (TPP) for all parts of the lung will be increased.
A New Hypothesis For some years it has been suggested that alveolar size and small-airways calibre are related to TPP. TPP is influenced by gravity, being greatest in the dependent parts of the lung, and is maximal at residual volume. Milic-Emili et al. (1966) have shown, in man, that significant smallairways closure occurs at some point during lung emptying to residual volume. In younger subjects this point is very close to residual volume but in older subjects and smokers it is near to, or within, the tidal breathing range (Leblanc et al. 1970) . Clearly, airways closure during tidal breathing will contribute to a deterioration in the VA/4 relationship in the lung.
It is our hypothesis that the reduction in FRC following abdominal surgery is associated with a raised TPP which causes airways closure, either de novo or, in the older subject, to a greater extent than before operation. This hypothesis might explain the previous apparent contradictions as to the nature of the postoperative intrapulmonary shunt; in dependent lung regions TPP could presumably sometimes be high enough to cause ventilation to cease, with consequent alveolar collapse.
Additional implications of this hypothesis are:
(1) Analgesia: If pain is the cause of muscle spasm, it would follow that better relief of pain would reduce postoperative intrapulmonary shunting. In this respect, continuous extradural nerve block has been shown to be superior to conventional narcotic analgesia (Spence & Smith 1971) . Although there are many factors which might account for such a difference, it is of interest that 'titration' of narcotic against pain has been shown to be as efficacious as extradural block (Muneyuki et al. 1968 ).
(2) Obesity: The preoperative FRC in obese subjects is below normal. They are specially prone to airways closure and exhibit increased intrapulmonary shunting (Said & Banerjee 1963) . Although it is usual practice, where possible, to avoid upper abdominal surgery in obese persons, it may be unavoidable and the anaesthetist is usually presented with a problem of postoperative oxygenation requiring round-the clock oxygen therapy in the first 24-48 hours.
(3) External compression of the thorax: This would be expected to increase the intrapulmonary shunt. Apart from the effects of obvious factors, for example bandaging, we consider that pneumoperitoneum following abdominal wounds which have been closed without drainage may worsen postoperative hypoximia , Spence et al. 1970 .
